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INTRODUCTION
Proteolysis process occurred through the chemical or enzymatic hydrolysis of proteinaceous compounds, several microbial enzymes are involved in this process. In this respect, protease enzymes are one of the most important microbial enzymes, which widely used in many industries, e.g. food, pharmaceutical, detergent, leather and silk (Gessesse, 1997, Kembhavi et al., 1993 , Ivanov et al., 2013 .This group represents one of the largest groups of industrial enzymes and accounts for approximately 60% of the total enzyme sales in the world (Zambare et al., 2011). Moreover, microbial proteases are gaining more importance than conventional chemicals that cleave protein, produce peptides and amino acids because of the cheaper production cost and use of renewable resources (Souza et al., 2015). These enzymes can be produced from bacteria, fungi and yeasts using many processes like submerged fermentation culture ( . Although, fungal proteases have attracted the attention of environmental biotechnologists because fungi can grow on low-cost substrates and secrete large amount of enzymes intotheculture medium, which could ease downstream processing (Anitha and Palanivelu, 2013). As well as, the production cost acting 30-40% of the growth medium and this is interest from an industrial point of view (Joo et al., 2003) . Generally, protease production is greatly influenced by media component and physical factors (Potumarthi et al. , 2007) . Wherein, the industrial fermentation is moving away from traditional and largely empirical operation towards knowledge based and better-controlled process (Singh et al., 2004) . Therefore, a number of optimization techniques could be used for this purpose, by which the statistical approaches offer ideal ways for optimization process in biotechnology (Gupta et al., 2002) . Response surface methodology one of these approaches, which includes center composite design, helps in evaluating the effective factors and in building models to study interaction and select optimum conditions of variables for a desirable response (Dutta et al., 2004) . Proteolysis process generally associated with some amino acids and nitrogenous compounds (Ventura et al., 2012). Amino acids have been taken as an important tool for nutritional status, especially in patients suffering from inborn errors of metabolism (IEM) and for monitoring therapy in patients with IEM, as well. Additionally, amino acids are recommended as food supplements for body building, sleep aid, depression therapy, premenstrual dysphoric disorder, smoking cessation, bruxism (Ivanov et al., 2013). Wherein, using the new biotechnology for such production of these amino acids considered a new trend to face the shortage in human nutrition, especially in developed countries. Herein, our study aimed to (i) study the efficacy of the new isolate of Mucor sp. in proteolysis and optimization of protease enzyme, (ii) determination of amino acids associated with the proteolysis process.
MATERIAL AND METHODS
Mucor sp. was isolated on skim agar plates. The fungus showed high proteolytic activity among all the isolated ones, so it was selected for the next trials. The selected fungus was identified upon the morphological and microscopic investigations, according to Domsch et al. (1980) , in addition to molecular identification.
Molecular identification of the isolated Mucor sp.
A 18S rRNA sequencing was performed by Macrogen Korea Company Gasandong, Geumchen-gu, Seoul, Korea (http://www.macrogen.com). The genomic DNA was isolated by transferring fungal mycelium with a sterilized toothpick, suspended in 0.5 ml of sterilizes saline in a 1.5 ml centrifuge tube and centrifuged at 10000 rpm for 10 min. Then the supernatant was discarded and the pellet was resuspended in 0.5 ml of InstaGene Matrix (Bio-Rad, USA). Incubated at 56 °C for 30 min and then heated at 100 °C for 10 min. After heating, the supernatant can be used for PCR. The PCR amplification reaction was performed in a total volume of 100 μl, which contained 1 μl DNA, 10 μl of 250 mM deoxyribonucleotide 5'-triphosphate (dNTP's); 10 μl PCR buffer, 3.5 μl 25 mM MgCl2 and 0.5 μl Taq polymerase, 4 μl of 10 pmol (each) forward primer ITS1 (3'-TCCGTAGGTGAACCTGCGG-5') and reverse primer ITS4 (5'-TCCTCCGCTTATTGATATGC-3') and water was added up to 100 μl. The PCR-apparatus was programmed as follows: 5 min denaturation at 94 °C, The present study has been conducted to isolate the potential fungal isolates in proteolysis process. One isolate showed high activity in protease production, being Mucor sp. Morphological and microscopical studies, as well as 18S rRNA sequence confirmed that this isolate is identified as Mucor mucedo strain SEE1 and sequencing product was deposited in the GenBank database under the accession number KP736529. Optimization of protease production during Plackett-Burman and central composite designs has been carried out, with six nutritional variables. Glucose and casein were significantly superior to other variables in protease production. Moreover, an overall 3.36-fold increase in protease production has been obtained by Placket-Burman. However, 1.14-fold increase was found in central composite design. On the other hand, during the fermentation process in optimized medium, liberated amino acids has been determined (µg/ml), where histidine came in the first order (1155.3) followed by lysine (897.4), tyrosine (634), arginine (580) and isoleucine (580), respectively. However, cysteine was found in less appreciable amount (36).
followed by 35 amplification cycles of 1 min at 94 °C, 1 min of annealing at 55°C, and 2 min of extension at 72 °C, followed by a 10 min final extension at 72 °C. Unincorporated PCR primers and dNTPs were removed from PCR products by using Montage PCR Cleanup kit (Millipore). The PCR reaction mixture was then analyzed via 1% (w/v) agarose gel electrophoresis (Figure1), and the remaining mixture was purified using QIA quick PCR purification reagents (Qiagen, USA).
Figure1
Agarose gel electrophoresis of the amplified ITS fragment of the Mucor mucedo strain SEE1.
The purified PCR products were sequenced. Sequencing reactions were performed in a MJ Research PTC-225 Peltier Thermal Cycler using an ABI PRISM® BigDyeTM Terminator Cycle Sequencing Kits with AmpliTaq-DNA polymerase (FS enzyme) (Applied Biosystems), following the protocols supplied by the manufacturer. Single-pass sequencing was performed on each template using the last mentioned PCR-primers. The fluorescent-labeled fragments were purified from the unincorporated terminators with an ethanol precipitation protocol. The samples were resuspended in distilled water and sequencing products were resolved on an Applied Biosystems model 3730XL automated DNA sequencing system (Applied BioSystems, USA). The sequencing product was deposited in the GenBank database under accession numbers KP736529.The 18S rRNA gene sequence (667bp) of the strain was aligned with the corresponding 18S rRNA sequences of the type strains of representative members of the fungi retrieved from the GenBank, EMBL, DDBJ and PDB databases by using BLAST program (http://www.ncbi.nlm.nih.gov/BLAST) (Altschul et al., 1997) and the software package MEGA4 version 2.1 (Tamura et al., 2007) was used for multiple alignment and phylogenetic analysis. The phylogenetic tree was constructed via the neighbor-joining algorithm (Saitou and Nei, 1987) based on the 18S rRNA gene sequences of the strain and related organisms.
Submerged liquid state fermentation (LSF) and time course profile
Plates of Sabouraud agar were inoculated and incubated at 35 °C for 72 h, the inoculum was obtained by scraping the agar surface in the presence of sterile water, to obtain 10 6 spore ml -1 , by Neubauer Chamber. The composition of the protease production medium contained (g l -1 ), glucose (18), peptone (8), casein (4), KH2PO4 (2), olive cake (4) and corn steep liquor (CSL) (4). The initial pH was adjusted to 5.0 and sterilized at 121°C for 15 minutes. 10 % (v/v) of inoculum was transferred to 250-ml Erlenmeyer flasks containing 45 ml of sterilized liquid fermentation medium. Incubation was carried out at 35 °C under shaking at 150 rpm. The optimum incubation period was determined on this medium along for 5 days.
Protease activity assay
Protease activity was quantitatively assayed in a mixture consisted of 1 ml crude protease and 1 ml of 2 % casein in 0.1M tris-HCL buffer, pH 7.5, then incubated at 37°C for 20 min (Abou-Ayana et al., 2015). One unit (U) of protease activity was defined as the amount of the enzyme resulting in the release of 0.5 µg of tyrosine equivalent ml -1 min -1 under the assay conditions.
The fractional factorial Plackett-Burman design
Six components of LSF medium were screened at high (+1) and low (-1) levels in addition to three center point (0), using Plackett-Burman design. The relation between the coded and actual values was calculated by the following equation:
Where; xi is the coded value of an independent variable, Xi is the real value of an independent variable, X0 is the real value of an independent variable at the center point, and ∆Xi is the step change value. The main effect of each variable was calculated using the following equation:
Where; Xi is the effect of the tested variable. Mi +1 and Mi -1 represent fungal protease production from the trials where the variable (Xi) measured was present at high and low concentration, respectively, N, the total number of trials.
Central composite design
Fermentation factors affecting fungal protease production were optimized using the full central composite design (CCD). The significant variables (Glucose, X1 and casein, X3) from screening experiment were further investigated for studying the interaction between the two variables. The other medium components were kept at their minimal concentrations. Each of the two factors was examined at five different levels; at the center point and an axial point located at a specified distance (alpha, α = 1.414) from the design center in each direction on each axis. According to the applied design, 13 combinations were executed. The observations of the two factors were fitted to the following second order polynomial quadratic model:
Where; Ү is the predicted response, β0 model constant, Xi, and Xj independent variables; βi, is linear coefficients; βij, is cross product coefficients and βii is the quadratic coefficients.
Statistical analysis
The statistical analysis of Plackett-Burman and CCD results was performed with the aid of statistical analysis software Minitab ver. 10. The statistical analysis software package, Statistica ver. 8.0, was used to create the three-dimensional surface plot.
Amino acids determination
Free amino acids were quantified from culture supernatants. The culture samples were filtered and hydrolyzed with 6 M HCL for 24h at 110 °C under a vacuum, and amino acid contents were measured using Sykam57130amino acid reagent organizer (Lee et al., 2014).
RESULTS AND DISCUSSION
Fungal isolates were selected according to their proteolysis activity on skim milk agar, the potent isolate was selected and morphologically investigated. This isolate is belonging to Mucor sp. These findings are in accordance with previous studies that showed a great number of fungal strains have potential proteolysis, e. 
Molecular identification
The nucleotide sequence of Mucor mucedo strain SEE1 has been compared with other fungal species sequences using BLAST algorithm at the website http://blast.ncbi.nlm.nih.gov/Blast.cgi, and the sequence was assembled and deposited in the NCBI Genbank with accession number KP736529. The phylogenetic analysis of Mucor mucedo strain SEE1revealed 100% similarity with Mucor mucedo strain CBS 987.68 (accession number JN939204.1). A phylogenetic tree (Figure2) was constructed according to the neighbor-joining method of Saitou and Nei (1987) with MEGA4 (Tamura et al. , 2007) . The topology of the phylogenetic tree was evaluated by using the bootstrap resembling method of Felsenstein (1985) with 1000 replicates. This tree showed a close phylogenetic association of Mucor mucedo strain SEE1 with M. mucedo species. Phylogenetic analysis indicated that the strain SEE1 falls into a clade together with M. mucedo strain CBS 640.67 (accession number HM849687.1, 99% similarity to M. mucedo strain SEE1 ), M. piriformis strain CBS 169.25 (accession number HM849681.1, 95% similarity to Mucor mucedo strain SEE1),M. luteus strain CBS 243.35 (accession number HM849685.1, 93% similarity to M. mucedo strain SEE1), Rhizomucor variabilis strain CBS 103.93 (accession number HM849684.1, 93% similarity to M. mucedo strain SEE1).Therefore, it is proposed that strain SEE1should be included in the genus Mucor as M. mucedo strain SEE1.
Figure 2
The phylogenetic tree of M. mucedo strain SEE1 with respect to the closely related sequences available at the GenBank.
Time course for protease production
Time course of protease production by M. mucedo strain SEE1 was monitored for 5.0 days at 24 hr intervals. As shown in Figure3, the maximum protease production was recorded after the second day of fermentation (3.859U/ml/min). Then, protease production is decreased with further time of incubation.
Screening of medium components by Plackett-Burman design
The influence of six variables, namely; glucose, peptone, casein, KH2PO4, olive cake and CSL, on the protease production by M. mucedo strain SEE1 was investigated using Plackett-Burman design with three center points. Among the screened medium component, several nitrogen sources were evaluated to select the suitable one for amino acids biosynthesis, of them CSL as an economic source of nitrogen may also act as a carbon source at the same time, however, olive cake may be served as another source of carbon.The design and the corresponding response of protease production are shown in Table (1) .
Figure3
Profile of protease production by M. mucedo strain SEE1 along 5 days incubation The protease production varied intherange of 3.550 (in run no. 13) to 12.967 U/ml/min (run no. 4), this variation reflects the importance of medium optimization to attain higher productivity. Additionally, the low values of the residuals reflect the adequacy and accuracy of the design. The statistical analysis of Plackett-Burman design was performed ( Table 2) .
The analysis of variance (ANOVA) demonstrated that the model was highly significant as was evident from the Fisher's F-test with a very low probability value (P-value) =0.001). The model F-value of 15.76 implies the model is significant. The higher F-value and the lower P-value, the more significant of the model. Models with P-values of less than 0.05 were considered to be significant. The P-value of the lack of fit error is another important parameter to evaluate the model, this P-value (0.053) did not reach the level of significant. The lack of fit is an indication for the appropriateness of the data, as fitting of the model is required and reflects a good parameter. To check the goodness of fit of the model, the determination coefficient (R 2 ) was estimated. The R 2 values provide a measure of how much variability of the observed response can be explained by the experimental factors. The R 2 value is always between 0 and 1. The closer the R 2 value to 1, the stronger the model is, and the better it predicts the response. In our study, the value of R 2 = 94.03% indicated that 94.03 % of the variability in the response could be explained by the model and only 5.97% of the total variations are not explained by the model, which may be back to the error. In addition, the value of the adjusted (adj.) R 2 is high enough to emphasize the accuracy of the relationships between the studied variables and protease production by the isolated fungus. The significance of each of the tested variable was determined based on Pvalue. The statistical analysis of data obtained based on Plackett-Burman design show that, glucose with P-value of 0.01 was determined to be the most significant variable affecting protease production by M. mucedo strain SEE1 followed by casein with P-value of 0.027, the lower probability values (P≤ 0.05) of the factors indicates significant effect on protease production, the other variables of the medium components did not show any significance. The main effect of each variable on protease production was estimated (Figure 4) , in which both of glucose and casein exerted significant positive effects in this respect. On the other hand, peptone exerted an insignificant negative effect. Although the other variables (KH2PO4, olive cake and CSL) showed positive effect, they were also out of significance. These findings are clearly presented in Pareto chart of the standardized effects ( Figure 5 ), which allows detecting the order and significant effects of variables affecting protease production in Plackett-Burman design.
Figure4The main effects of the fermentation medium constituents on protease production by M. mucedo strain SEE1 according to the Packett-Burman experimental results. It demonstrates the relation between effects vs. ranks using the absolute values of the effects and draws a reference line on the chart (with a value of 2.365), which is calculated based on the data obtained from Packett-Burman experimental results. Any effect that extends past this reference line is potentially significant. As shown, glucose was the most significant variable affecting protease production at 99% confidence followed by casein at 97.30% confidence, while other variables are not significant. By neglecting the terms that were insignificant (P> 0.05), the first order polynomial prediction equation was derived, representing protease production as a function of the independent variables as follows: Y (Protease activity) = 2.80 + 0.1502 X1 + 0.415 X3
The coefficients of glucose and casein of the previous equation were positive (0.1502 and 0.415, respectively) , which means that the increase in the concentrations of these variables could exert positive effect on protease activity. Glucose and casein were chosen for further optimization using central composite design (CCD), since these factors are the only significant positive variables on protease production. Both of them were tested around the high level and the other variables that exerted insignificant effect on protease production were maintained at the low levels in the next optimization step. Data of screening of the medium components with Plackett-Burman show that run no 4 was the highest, being 12.967 U/ml/min, which is higher by about 3.4 folds obtained before applying the Plackett-Burman design.
Central composite design for optimizing protease production
Optimization was applied on the significant nutritional parameter selected from the preceding Plackett-Burman design, i.e glucose (X1) and casein (X3) using the central composite design (CCD) at five levels each. The other insignificant variables of the medium components were kept at their minimal concentrations. Central composite design matrix (coded and actual levels of the variables) and responses (experimental and predicted protease activity) for the 13 runs of the design are presented in Table 3 .Theresponse by the fungus against the various runs of CCD shows considerable variation in protease activity. The highest levels of protease activity (14.732 U/ml/min) were achieved in runs 4 and 6; while the lowest protease activity (7.668 U/ml/min) was achieved in run number 9, where 23.5 g/l of glucose and 6 g/l of casein were used.
The statistical analysis of the data (Table 4) shows that the value of R 2 = 98.86%indicated that 98.86% of response variations was attributed to the independent variables and only 1.14% of the total variations cannot explained by the model. A regression model having an R 2 value higher than 0.9 is considered as having a very high correlation (Chen et al., 2009) . Therefore, the present R 2 -value reflected a very good fit between the observed and predicted (calculated) protease responses, and implied that the model is reliable for protease production in the present study. In addition, the value of the adj. R 2 (98.05%) was also very high to advocate for a high significance of the model. The predicted R 2 value of 94.68% was in a reasonable agreement with the adj. R 2 value. The high value of predicted R 2 indicates how well the model predicts responses for new observations that are not tested in the design, this in turn; improve the predictive ability of the model. Table 3 Values of the independent variables used in central composite design matrix with response values of fungal protease production by M. mucedo strain SEE1. The P-values were used as a tool to check the significance of each of the coefficients for the model as well as each tested factor, which, in turn, are necessary to understand the pattern of the mutual interactions between the test variables. Interpretation of the data was based on the signs (positive or negative effect on the response) and statistical significance of coefficients at P≤ 0.05. Interactions between two factors could appear as an antagonistic effect (negative coefficient) or a synergistic effect (positive coefficient). It can be seen from the degree of significance that the linear effects, quadratic effects and interaction between X1 (glucose) and X3 (casein) are significant, meaning that they can act as limiting factors for protease production, and little variation in their values will alter the protease production rate. However, the ANOVA of the regression model demonstrates that the model is highly significant, as is evident from the very low P-value, which equals to zero.
Run

Model adequacy checking and validation
Usually, it is necessary to check the fitted model to ensure that it provides an adequate approximation to the real system. Unless the model shows an adequate fit, proceeding with the investigation and optimization of the fitted response surface likely give poor or misleading results. Checking of the adequacy of the model needs all of the information on the lack of fit, which is contained in the residuals. Plotting these residuals against the fitted values of protease production ( Figure 6 ) shows equal scatter of the residual data above and below the X-axis, indicating that the variance was independent of protease production, thus supporting the adequacy of the model fit. In order to evaluate the relationship between dependent and independent variables and to determine the optimum levels of glucose and casein corresponding to the maximum protease production, a second-order polynomial model was proposed. The second-order polynomial equation that defines predicted protease response (Y) was obtained to be: Y (Protease activity) = 8.05+1.911 X1 + 0.558 X3+1.987 X1 2 +1.04 X3 2 +1.432 X1X3 To visualize the previous relationship between protease response and the interactions among the tested variables, graphical three-dimensional and Contour plots were generated (Figure 7 ) in order to determine the optimum conditions for protease production at the different levels of both glucose and casein. Exploring both figures reveal that the maximum protease production appeared at high levels of both X1 and X3 and low concentrations of both variables supported low protease production. The previous model was experimentally validated, in order to determine the prediction accuracy of the model and to verify the optimization results, experiments were repeated in triplicates under optimized culture conditions obtained from fitted protease production model. Under these conditions, 14.90 ± 0.31 U/ml/min of protease was obtained. This value of protease activity corresponds very well to the values predicted by the fitted model 14.850 U/ml/min. Comparing protease production after CCD optimization, reveals 3.82 and 1.14-fold increment compared with before and after Plackett-Burman results, respectively. Both glucose and casein proved to be the most potent nutritional factors affecting protease production. Glucose is simple carbon source, which is required, nearly in all growth stages of microorganism, the small amount encourage the growth of the fungus at the initial growth stage, so it could be considered as a limiting nutritional factor for both the microbial growth and protease production (Rao et al., 2009; Abou-Ayana et al., 2015). However, other reports observed that the complex carbon source constitute better substrates for protease production than simple sugars such as glucose, which induced catabolic repression especially at the high concentrations (Reddy et al., 2008) . Glucose and casein were found to be the best carbon and nitrogen sources for protease production by Mucor mucedo DSM 809 (Yegin et al., 2010) .The presence of the substrate (casein) can induce protease secretion, however; high levels of the end products as an action of proteases, such as amino acids,NH 4+ , and easily metabolizable sources of carbon may repress enzyme production (Souza et al., 2015) , therefore, protease productivity could be affected by the nature of carbon and nitrogen sources (Vijayaraghavan et al., 2012) . Finally, extracellular protease enzyme may be secreted constitutively at low levels regardless of the availability of a substrate (Geisseler and Horwath, 2008).
Production of amino acids on the optimized fermentation medium
Nowadays, the increasing need to replace chemically synthesized compounds by environmental friendly ones using biological processes is driving the research for microbial factories. The industrial production of amino acids includes several examples of success stories using microorganisms to convert inexpensive substrates into valuable products. Herein, M. mucedo strain SEE1 was growing on optimized batch fermentation medium and the associated amino acids had been investigated. Obtained results indicated that 16 amino acids have been determined individually (Table 5) . The content of histidine followed by lysine, tyrosine, arginine and isoleucine were significantly superior amino acids. However, alanine, cysteine, proline, glycine and phenylalanine showed less significant superiority, where, these amino acids are essential for growth of organisms, whereas, histidine, lysine, isoleucine and serine are non-essential. Contrarily, the amino acids, alanine and glycine were reported to be secreted byLactobacillus salivarius ( Generally, microorganisms produce the 20 kinds of amino acids only in the amounts they need. They have a mechanism for regulating the quantities and qualities of enzymes to yield amino acids only in the amounts necessary for themselves (Ivanov et al., 2013) . Herein, M. mucedo strain SEE1 was directed, during the preceding optimization study, to accumulate several amino acids (up to 16) in its growth medium, encouraging the industrial production of such amino acids using this fungus and the proposed fermentation condition described earlier.
CONCLUSION
The fungus Mucor sp. was isolated according to its proteolytic activity on skim milk agar. Identification basis depend upon microscopic, morphological as well as 18S rRNA sequence confirmed this isolate namely, M. mucedo strain SEE1 under the accession number KP736529.Following the optimization procedure of protease, i.e. Plackett-Burman and central composite design, both glucose and casein have significant effect on the protease production. Amino acids produced (µg/ml) in the fermentation medium revealed in 16 amino acids. Histidine came in the first order (1155.3), followed by lysine (897.4), tyrosine (634), argentine (580) and isoleucine (580). Other amino acids e.g. alanine, cysteine and proline were measured in little amount. Ultimately, the fungus M. mucedo strain SEE1 can be exploited to produce some of amino acids in large scale, in which amino acids play important roles in the life, e.g. as animal feed additives, flavor enhancer, pharmaceuticals, cosmetics and production of lactic acid and some antibiotics. A B
